The FH proteins, defined by the presence of 'formin homology' regions, are important for a number of actindependent processes, including polarized cell growth and cytokinesis. They are large, probably multi-domain, proteins and their function may be in part mediated by an interaction with profilin.
Many functions of the cell cortex, including adhesion, protrusive motility and cytokinesis, are mediated by specialized regions of the actin cytoskeleton. Each process requires the recruitment of different sets of proteins to specific cortical sites, resulting in the local modulation of actin organization and dynamics. Three questions are crucial for understanding this local functional specialization of the cortex. What are the cues that induce local specialization? How are these cues transduced to recruit specific proteins? And what is the role of these proteins in the organization and function of the actin cytoskeleton? Recently, a group of proteins that have regions of sequence similarity to the vertebrate formins, known as formin homology (FH) proteins (S. Wasserman, personal communication), has been implicated in the organization of diverse actin assemblies, including cortical patches in budding yeast, cytokinesis rings in fission yeast, and cleavage furrows in higher eukaryotes ( Table 1) .
The formin homology regions were first defined by Castrillon and Wasserman [1] , who recognized that the Drosophila protein Diaphanous, the Bni1 protein from the budding yeast Saccharomyces cerevisiae, and the vertebrate formins contain two regions of sequence homology ( Figure 1a ). These domains, termed formin homology domain 1 (FH1) and formin homology domain 2 (FH2), have now been identified in a number of proteins from a variety of organisms. Most FH proteins were identified genetically, with their mutant phenotypes suggesting defects in actin mediated processes, such as polarized cell growth and cytokinesis (Table 1) . However, the vertebrate formins, which have been implicated in limb development, are present primarily in the nucleus [2] , and there is genetic evidence that this nuclear localization is important for their function [3] . It is not yet clear if all FH proteins are members of a protein family with related functions or rather constitute a group of distinct proteins that contain formin homology domains. [10] and cytokinesis (broad neck) [21] Putative 157 kDa protein S. cerevisiae Unknown Unknown (sequence from yeast data base, accession #P40450)
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S. pombe Cytokinesis ring [4] Defects in cytokinesis and septa formation [4] Fus1* S. pombe Projection tip during Block in conjugation, cell walls conjugation [22] separating mating partners not degraded [22] FigA/SepA A. nidulans Unknown Defects in cell polarity and cytokinesis (actin ring fails to form) [5] The FH1 domain is typically a 100 amino acid region characterized by a high proline content. The FH2 domain is a conserved region of 130 amino acids. Although the FH1 and FH2 domains were originally described as distinct domains separated by a 160 residue linker region, recent sequence comparisons [4, 5] show that the intervening regions are in fact also conserved, exhibiting 44-67% sequence similarity. In view of this, it now seems reasonable to extend the FH2 domain to include the sequences between the two domains ( Figure 1b ). Most FH proteins also contain regions predicted to fold as coiled-coils in two stretches that flank the formin homology region. This coiled-coil could mediate homodimerization or even oligomerization.
What are the functions of the FH proteins, and how are these functions related to their conserved sequences? The function of the FH2 domain is not yet known, but recent work has shed some light on the potential function of the proline-rich FH1 domain. Proline-rich sequences have been implicated in a number of protein-protein interactions, including binding to cytoskeletal and signal transduction proteins containing Src homology 3 (SH3) domains [6, 7] and WW (defined by two highly conserved tryptophan residues) domains [8] , and to profilin [9] , a protein involved in the regulation of the actin cytoskeleton. All known FH1 domains contain consensus binding sites for SH3 (and possibly WW) domain-containing proteins, and all except that of Fus1 contain multiple repeats of 5-12 consecutive prolines, although the number of repeats varies from six (Diaphanous) to as few as two (Cdc12) (Figure 1c ). The presence of these repeats led Castrillon and Wasserman [1] to speculate that the FH1 domain of Diaphanous might function in part by interacting with profilin, an actin binding protein known to bind polyproline [9] . Two recent papers support the hypothesis that FH1 domains may mediate profilin binding and that proteins containing this domain may play a role in the local organization of the actin cytoskeleton.
In a screen for genes required for efficient mating in S. cerevisiae, Evangelista et al. [10] isolated two independent mutant alleles of the gene encoding the FH protein Bni1. They found that, under conditions in which most wild type cells had projections with cortical actin patches concentrated at their tips, cells containing a BNI1 deletion remained depolarized with randomly distributed actin patches. Cells overexpressing an amino-terminally truncated Bni1 also had a depolarized actin cytoskeleton, with an unusual abundance of actin cables and cortical actin patches. Overexpression of this truncated Bni1 was lethal, but could be suppressed in a dosage-dependent manner by both profilin and tropomyosin. Bni1 and profilin were shown to be capable of interacting in yeast cells, by the 'two-hybrid' test, and bacterially-expressed profilin was found to bind a tagged fragment of Bni1 in yeast extracts. Taken together, these data suggest that there is an interaction between an FH protein and profilin, and that this interaction may be important for the polarization of the actin cytoskeleton in S. cerevisiae.
An interaction between an FH protein and profilin has also been implicated in the formation of the actin-based cell division ring in the fission yeast Schizosaccharomyces pombe. Chang et al. [4] found that cdc12, a gene required for actin-ring assembly and septum formation in S. pombe, encodes an FH protein. Cells with a deletion of cdc12 had normal actin patches during interphase, but delocalized actin patches instead of an actin ring during mitosis. Cdc12 was found to localize to the actin ring but not other actin structures in wild type cells, consistent with a role in These two papers [4, 10] provide the first direct evidence that FH proteins are involved in organizing the actin cytoskeleton, by showing that actin patches fail to localize in S. cerevisiae bni1 mutants and that the actin ring fails to assemble in S. pombe cdc12 mutants. They also demonstrate that proteins containing formin homology domains can interact with profilin, although the significance of this interaction in the function of these proteins requires further characterization of the role of profilin in vivo. The effects of profilin on actin polymerization in vitro are complex. Profilin can inhibit actin polymerization by sequestering actin monomers, but there is also evidence that profilin can promote actin polymerization by stimulating exchange of the nucleotide bound to actin or competing with other actin-sequestering proteins such as thymosin ␤4 [12] .
Proteins containing formin homology domains are not the only ones likely to function in part by recruiting profilin. Profilin is also thought to bind the proline-rich repeats present in members of the 'Enabled/vasodilatorstimulated phosphoprotein' (Ena/VASP) family ( Figure  1d ). Like FH proteins, the proteins in this family colocalize with actin-rich structures and are thought to affect the actin cytoskeleton. A number of these proteins have multiple binding partners -for example, the protein Mena, in addition to binding to profilin, has been shown to bind ActA, zyxin, and the SH3 domains of the protein kinases Abl and Src [13] . The in vivo relevance of these interactions is, however, unclear.
There is some indication that FH proteins may also have multiple binding partners. Bni1 has been shown to interact with activated Rho1 [14] , activated Cdc42 and possibly Bud6 [4] . There is also evidence that one of the mouse formins can interact with several SH3 and WW domain-containing proteins, including cortactin, an actin binding protein enriched in cortical structures. [15] . The similarities between FH proteins and Ena/VASP family members suggest that these proteins could function in an analogous manner, in that they bring together profilin and other cytoskeletal proteins at a specific location in the cell cortex, resulting in modification of the actin cytoskeleton.
How far can we currently go toward ascribing specific molecular functions to the FH proteins? Figure 2 illustrates two possible roles of FH proteins in transducing signals to the actin cytoskeleton from either extrinsic or intrinsic cues. In these models, the FH protein acts as a kind of scaffold that recruits other components, although a more active role for these proteins is not ruled out. FH proteins may, for example, function in a manner similar to the S. cerevisiae Ste5 protein, which acts as a scaffold that binds to and organizes the interactions between three different kinases in the mitogen-activated protein (MAP) kinase cascade. Recent data, however, show that Ste5 does not simply act as a passive scaffold -dimerization of Ste5 may in fact be the signal that activates the pathway [16] . It seems plausible that FH proteins similarly act as an 'active scaffold'. One can speculate that the activation of Cdc42 causes local aggregation of an FH protein, resulting in recruitment of profilin and other actin-modifying factors.
There are many questions yet to be answered about FH proteins. The subcellular localization of most proteins is not yet known. This is crucial information for deciphering the role of these proteins in local organization of the actin cytoskeleton. It is also important for distinguishing nuclear versus cytoskeletal functions. Although the vertebrate formins localize to the nucleus, the observation that a formin interacts with cortactin and other SH3-containing proteins suggests that they may also have a more direct cytoskeletal role. Certainly, nuclear localization does not preclude cytoskeletal function; for example, the actin binding protein anillin, implicated in cleavage furrow assembly, cycles between the nucleus during interphase and the cleavage furrow during mitosis [17] .
A number of questions about FH proteins may be resolved with their biochemical characterization. The existence of a potential coiled-coil region suggests they may be able to form oligomeric structures. A combination of hydrodynamic studies and immunoprecipitation, or conventional purification, should be able to determine if FH proteins exist as monomers, dimers or oligomers, and whether they exist alone or in stable complexes with other proteins. Finally, it would be interesting to test the 'active scaffold' idea by asking if the aggregation state of FH proteins, and their constellation of bound proteins, is affected by signaling inputs, such as the binding of activated Cdc42.
